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[57] ' ABSTRACT

Disclosed herewith is an improvement of the conven-
tional process for the vapor growth of a thin film, such
as the films of Si03, SizN4, Al;03and polycrystalline Si,
on a plurality of wafers, such as wafers of a semiconduc-
tor, under a reduced pressure. This improved process
allows the growing of a uniformly thin film on each
piece of wafer. According to the present invention, the
location of the wafers is changed in accordance with a
specific pressure within the reaction tube.

23 Claims, 12 Drawing Figures
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PROCESS FOR THE VAPOR GROWTH OF A THIN
| FILM |

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for the
vapor growth of a thin film and, more particularly, to a
process for the vapor growth of a thin film having a
uniform thickness on a plurality of wafers.

2. Description of the Prior Art

The vapor growth technique is widely employed for

growing a thin semiconductive, conductive or insulat-

ing film, on a substrate or wafer. The wafer is used for
the manufacture of semiconductor devices referred to
as IC, LSI and the like. In the vapor growth technique,
a reaction gas are caused to flow through a reaction
tube under normal or reduced pressure and brought into
contact with the wafers arranged in the reaction tube.

In accordance with the requirement for increasing
the production rate of wafers with a thin film thereon,
the vapor growth process is widely performed under a
reduced pressure, for example, 10 Torr. In this vapor
growth under a reduced pressure, a plurality of wafers
can be simultaneously treated in the reaction tube

'S_
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which usually has a c1rcular cross-sectlonal space

therein.

The conventional vapor growth process under a re-
duced pressure is, however, dlsadvantageous in that the
thickness of a film grown on one piece of wafer by such
process can occasionally be nonuniform. As a result of
this nonuniform thickness of the thin film on one piece
of wafer, the subsequent processes for treating the wa-
fer, such as etching of the thin film, may become very
complicated in order to produce a uniformly thick film
all over the wafer after completion of such treating
processes. |

' SUMMARY OF THE INVENTION

30

35

It is an object of the present invention to improve the 40

vapor growth process under reduced pressure, thereby
enabling the growth of a thin film which is uniformly
thick on every part of the surface of the supporting
wafer.

It is another object of the present invention to pro-

pose conditions which are pertinent for applying a wide
variety of reaction gases presently employed in the
semiconductor industry to the vapor growth process.
- It is still another object of the present invention to
provide a vapor growth process suited for. growing a
thin film on a plurality of wafers provided with a flat
part around a part of the peripheral edge thereof.

The Inventors devoted themselves to the investiga-
tion of the vapor growths of thin films, and discovered
that the thickness distribution of the film over one piece
of wafer is greatly influenced by the location of the
wafers in the reaction tube. In addition, the Inventors
discovered that the optimum location of the wafers
should be changed in accordance with the specific pres-
sure within the reaction tube.

- In the conventional process for the vapor growth of
a thin film under a reduced pressure within a reaction
tube, the wafers are arranged in. parallel to each other
and in the flow direction of a predetermined reaction
gas flowing through the reaction tube, with the wafers
arranged almost perpendlcularly to the above-men-
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tioned flow direction. This is improved by a particular

feature of the present invention. This particular feature

2

essentially requlres that the wafers be arranged concen-
trically to the axis of the reaction tube, and further that
the vapor growth be performed under a condition
which satisfies the formula:

H/W=a-P+b, (1)
wherein H denotes a distance (in mm) between two
adjacent exposed surfaces of the wafers; W denotes a
width (in mm) between the inner wall of the reaction
tube and the peripheral edge of each of the wafers; P
denotes an average value of the reduced pressure Wthh
varies from less than 1.2 to 5.0 Torr; “a” denotes a
constant of 0.8 Torr—1; and “b” denotes a constant of
from 0.3 to 1.2 which is determined by the predeter-
mined reaction gas.

When the pressure P is from 0.5t0 1.2 Torr, the vapor
growth is performed according to another feature of the

invention and under a condition which satisfies the

formula:

The vapor growth process, according to the present
invention, therefore, comprlses the steps of: supportmg
a plurality of wafer pieces at a part or a few parts of the
peripheral edge of each of the wafers; arranging the
wafers in a reaction tube along the flowing direction of
a reaction gas therein; forming a clearance between the
inner wall of the reaction tube and the other unsup-
ported parts of the peripheral edge of each piece of
wafer; flowing the reaction gas through the reaction
tube via the above-mentioned clearance; heating the

wafers to a required temperature for depositing the film

on the wafers; maintaining a pressure within the reac-
tion tube at a predetermined reduced value. This in-
volves placing the wafers essentially concentrically to
the axis of the reaction tube, reducing the pressure to a
predetermined average value P, and determining the
distance H between two adjacent exposed surfaces of
the wafers and the width W of the clearance by utilizing
the above-mentioned formulas (1) or (2).

The inner wall of the reaction tube defines a reaction
chamber usually exhibiting a circular cross sectton, as

‘wafers are generally available in round disc form either

with or without a flat portion around a part of the edge.
However, it is still possible to use a reaction tube which .
has a shape similar to the wafer even when the wafer is
not in the form of a disc.

The wafer can consist of a semiconductive material,
such as Si, Ge and GaAs and the like, or an insulating
material, such as Al;03 and the like. The wafer can also
include a body of a material having various layers
thereon, such as insulating and active layers. The num-
ber of wafers treated at a time is generally from 30 to
100 pieces, and preferably more than 40 pieces.

The wafer can have a diameter of 75 mm or less or
even a diameter of 125 mm or less.

The values of W and H can be equal to any value
when they satisfy one of the two equations (1) and (2);
but the value of W should preferably be from 4 to 20
mm, and the value of H should preferably be from 8 to
40 mm, respectively.

The constant “b” of the formula (1) varies from 0.3 to
1.2 depending upon the kind of reaction gas. It was
discovered by the Inventors that the preferably value of
the constant “b”’ is mainly influenced by the molecular
weight of the reaction gas or by the sum of the molecu-
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lar weights of the reaction gases as listed below. The
term “molecular weight of the reaction gas” 1s used
below to include “sum of the molecular weights of the
reaction gases’’,

5
Table 1
Molecular weight "~ Constant “b”
30 or less - 0.3
50 0.5
60 0.6
65 0.7 10
more than 100 1.0

Note: In this Table, the molecular weight means the molecular weight of the
reaction gas.

The constant “b” should preferably be approximately 15
one hundredth of the molecular weight of the gas which
is required in the formation of the film during the vapor
growth reaction, when this molecular weight does not
exceed 100.

The constant “b” should be determined, depending 20
upon the different kinds of reaction gas, in the following
ways. |
When the ratio of H/W is determined by the formula
(2), this ratio should be varied between the maximum
value of 2 and the minimum value of a-P+0.3, depend- 25
ing upon the kind of the reaction gas. When the molecu-
lar mass of the reaction gas amounts to 30 or less, the
ratio H/W equals the minimum value. When the molec-
ular weight of the reaction gas ranges between 30 and
100, the equation determining the ratio H/W can be 30
expressed by the formula: |

H/W=cP+d " - 3)

the constant “c’’ decreases from 0.8 to 0 and the con- 35
stant “d” increases from 0.3 to 2.0 in linear relationship
with the increase in the molecular weight of the reac-
tion gas from 30 to 100.

The constant “c” and “d” are, therefore expressed,

respectively, by the formulae: 40
c= — —5— 03 (M30)+os (4)
d= — —‘-7—- (M-30) + 03 | )

45

wherein the M indicates the molecular weight of the
reaction gas.

When the number M amounts to 100, the ratio H/W
equals the maximum value.

Although several of the known reaction gases are
illustrated in Table III, it is also possible to employ
other reaction gases, such as a combination of SiCl4 and
H>, a combination of AsCl;, H> and Ga, a combination
of AlCl3;, AsCl3, Ga and Hj, or a combination of GeHa, s
SiH4 and O,. 1t is further possible to employ doping
gases, such as phosphine and arsine. The reaction gas
can be carried by a carrier gas such as Ar, N2 and the
like.

The vapor growth conditions can easily be calculated 60
after the particular kind of reaction gas to be used has
been determined. |

50

Table I1
Kinds of Grown Reaction _
reaction - thin temperature ~  Constant 65
gas t'llm ('C.) : ) l-ib"l
SiHs + NHj Si3 N4 700-900 from 0.5 to 0.6,

preferably 0.5

Table II-continued
Kinds of Grown  Reaction
reaction thin temperature Constant
gas film (°C.) “b”
SiH4 + NO Si0s 700-900 from 0.6 to 0.7,
preferably 0.6
SiH4 + O3 Si0; 350-500 from 0.7 to 0.8,
preferably 0.7
SiHy4 poly- 500-650  from 0.3 to 0.5,
crystalline preferably 0.3
Si @ |
AlCl3 + Hz + NO Al>O3 750-950 from 0.9 to 1.2,
preferably 1.0
Me,;; X, + H> Me 700-900 from 0.9 to 1.2,

preferably 1.0

Note: In this Table, Me denotes one metal chosen from the group of metals of Mo,
W and the like; X denotes one halogen element chosen from the group of halogen
elements of Cl, F and the like: and m and n are integers.

When the reaction:

3SiH4+4NH3=8i3Ns+12H>

is carried out under a reduced pressure, for example, of
2.0 Torr at a temperature of 850° C., the formula (1)
must be used, and the constant b i1s 0.5. The ratio H/W
is therefore determined to be 2.1. If the value of W 1s 5
mm, as determined by both the inner diameter of the
reaction tube and the diameter of the wafers, H should
then be 10.5 mm. It is naturally possible to determine
the value of either H or W first and, thereafter deter-
mine the value of P.

The film can be used, as is well known in the art (1)
for the purposes of insulation and protection for the
underlying region of the wafer, and (2) as a conductor,
electrode, semiconductor or the like, wherein the thick-
ness of the thin film can be of any desired value ranging
from 0.005 to 5 microns. The thickness distribution over
the exposed surface of every piece of wafer is less than
10%, preferably less than 5%, with respect to the maxi-
mum thickness of the thin film. The thicknesses of the
thin films are also uniform with regard to all the wafers
treated at one time.

The apparatus for carrying out the vapor growth
process of the invention comprises such conventional
means as a reaction tube, a means for reducing the pres-
sure within the reaction tube, and a means for placing a
plurality of wafers in the reaction tube. This placing
means essentially arranges the wafers concentrically to
the axis of the reaction tube. A surrounding clearance is,
therefore, formed between the inner wall of the reaction
tube and the peripheral edge of the wafers, and has a
predetermined width denoted as W. Furthermore, the
placing means separates every two adjacent exposed
surfaces of the wafers at a predetermined distance H.
The average pressure within the vessel is adjusted ac- .
cording to formula (1) or (2). -

The above-mentioned process according to the pres-
ent invention 1s adapted to the following two embodi-
ments thereof to grow a thin film having an extremely .
uniform thickness on wafers, which do not have a cross-
sectional shape similar to that defined by the inner wall
of the reaction chamber. According to these embodi-
ments the flow of the reaction gas is distributed uni-
formly around the above-mentioned wafers. -

The basic concept of these embodiments resides in.
that the width W is made equal around the entire inner
wall of the reaction tube, by means of bringing a plate
into contact with one of the two surfaces of each of the
wafers, which have a cross-sectional shape not similar
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to that of the reaction chamber defined in the reaction
tube. | | |
The wafers, which have a cross-sectional shape not
similar to that of the reaction chamber, are hereinafter
referred to as non-similar wafers. An addition of a part,
hereinafter referred to as a deficient part, to the non-
similar wafers provides similar wafers having a cross-
sectional shape similar to that of the reaction chamber.
According to the first embodiment, there 1s provided
a plate, which has a cross-sectional shape similar to that

10

of the reaction chamber and also a size greater than that
of the wafers but smaller than that of the reaction cham-

ber. This plate is brought into contact with one of the
two surfaces of each water and is positioned concentri-
cally to the axis of the wafer, thereby forming a clear-
ance between the inner wall of the reaction tube and the
peripheral edge of the plate. This clearance has the
same width W around the entire periphery of the plate,
the value of W being determined by the formulae (1)
and (2).

According to the second embodunent there is pro-
vided a plate, at least a part thereof being the same

15

20

shape as the defficient part, and this plate is brought into -

contact with one of the two surfaces of each non-circu-
lar wafer, in such a manner that the same cross-sectional
shape as that of the similar wafer is formed by the com-
bination of the non-similar wafer and the plate. .The
clearance between the so formed cross-sectional shape
and the inner wall of the reaction chamber has a thick-
ness equal to the value W of the formulae (1) and (2).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be illustrated in detail
with reference to the accompanying drawings, wherein:

FIG. 1A illustrates a schematic, cross-sectional view
of the vapor growth apparatus according to one em-
bodiment of the invention;

FIG. 1B illustrates a side view of FIG. 1A;

FIG. 2A illustrates a side elevational view of the
reaction tube;

FIG. 2B is a sectional view taken along the llne B—B
of FIG. 2A;

FIGS. 3 and 4 illustrate schematic side elevational
views of the reaction tube fm' growing a thin film on the
wafers;

FIG. 5A illustrates a partial cross-sectional view of
the reaction tube, in which a vapor growth according to
an embodiment of the invention is carried out;

FIG. 5B is a cross-sectional view taken along the lme
B—B in FIG. 5A;

FIG. 6A is a similar figure to FIG. 5A;

FIG. 6B is a cross-sectional view taken along the line
B—B in FIG. 6A;

FIG. 7 ﬂlustrates a schematic, cross-sectional view of
the wafers with a thin film formed thereon, and;

FIG. 8 is a graph representing the relatlonshlp be-
tween the ratio H/W and P. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The apparatus for carrying out an embodiment of the
present invention is constructed as shown in FIGS. 1A
and 1B.

The inner wall of the reaction tube 1 defines a reac-
tion chamber 2 which has a circular cross-section of a
diameter L. The reaction gas are caused to flow, usually
with the aid of a carrier gas, into the chamber 2 in the
direction of the arrows 10 in FIG. 1. The heating means

23
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3 for a resistance or induction heating surrounds the
reaction tube 1. The wafers 5 are arranged in the reac-
tion tube 1 at a constant distance H between every two
adjacent exposed surfaces of the wafers. Each of the

‘wafers 5 is made of two pieces of wafers 5a and 5b (as

shown in FIG. 2B) which are brought into contact with
each other for the gas treatment of the wafers in order
to decrease the number of the exposed surfaces of the
wafers, because it is usually suffictent to form the thin
film on only one of the surfaces of each wafer. One of
the surfaces is, therefore, exposed to the reaction gas.
The wafers § (FIG 2A) are placed concentrically to the

longitudinal axis of the reaction tube 1. The annular

clearance is therefore formed between the peripheral
edges of the pieces of wafers 5 and the inner wall of the
reaction tube 1 (FIG. 1B). The radial width W of the

clearance is expressed by the formula:
W=(L—D)/2 (3)

- A few pressure gauges (not shown) are communi-

cated with the chamber 2 to measure the average pres-

sure within the chamber 2.

FIGS. 2A and 2B illustrate an example of the sup-
porting means in the form of a base plate 4 having a
recess 4a. Two pieces 5a, 5b of the wafers § are remov-
ably inserted into the recess 4g, in such a manner that
the edge of each of the wafers 5 is placed on the base
plate 4. The annular clearance 2a thus formed in the
chamber of the reaction tube 1 surrounds the peripheral
edge of each of the wafers except for the edge sup-
ported by the base plate 4.

FIG. 2 illustrates an example of the supporting means
4 for positioning the wafers concentrically to the axis of
the reaction tube 1. This means consists of two bases 4
secured to the inner wall of the reaction tube 1 and the
two bases are separated from each other by an angle of
approximately 60°. Each base 4 has a recess to remov-
ably support the wafer. According to the support
method shown in the FIG. 2, the clearance between the
peripheral edge of the wafers 5 and the inner wall of the
reaction chamber has a constant thickness 22 around the
wafer.

FIGS. 3 and 4 illustrate the method of supportlng the
polygonal wafers 5 within the reaction chamber 1. It
will be understood that wafers § of polygonal shape can
be placed in a reaction tube having a polygonal shape
similar to that of the wafers, in such a manner that the
wafers are supported in an essentially concentric rela-
tionship to the axis of the reaction tube. The clearance
between the peripheral edge of the polygonal wafers §
and the inner wall of the reaction tube 1 has a constant
thickness around the wafers. This constant thickness,
denoted as W to W4in FIG. 3 and W to Wgin FIG. 4
is determined according to the formulae (1) or (2), in
order to grow a film having a uniform thickness on a
plurality of pieces of the wafers.

FIGS. 5A and 5B illustrate a preferable arrangement
of the wafers 5 in the reaction tube 1, when the wafers
5 do not have a shape similar to the round reaction
chamber 2, because the wafers § have a flat part Sa
around the peripheral edge thereof. Each piece of the
wafers 5 is removably secured to the disc plate 6, which
can consist of one of carbon, silicon, alumina (Al,03),
or Si0O;. The axes of the wafers 5 and the plate 6 coin-
cide with each other. The disc plate 6 is placed in the
reaction tube 1 concentrically to the axis of the reaction
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tube 1, so that an annular clearance 24, having an equal
width W around the plate 6, is formed.

FIGS. 6A and 6B illustrate another preferable ar-
‘rangement of the non-similar wafers. In this arrange-
ment, the plate 6 has a part, denoted as 64, which is of 5
the same shape as the defficient part of the wafers Sa.
The defficient part of the wafers § is supplemented by
the part denoted as 6a of the plates 6, when the wafers
5 and the plates are viewed in the flowing direction of
the reaction gas. 10

The plates 6 can consist of the same material as the
wafers and have the same size as the wafers. In the case

of combining two pieces of the wafers as shown in
FIGS. SA and SB, the combined body of these two
wafers are surrounded by an annular clearance having 15
the same width W around the entire inner peripheral
wall of the reaction tube 1. A uniform film can, there-
fore, be grown on the exposed surface of each of the
wafers. The film also grows on the exposed defficient
part 5a of the wafer, however, such growth does not 20
cause trouble from a technical point in view.

The present invention is further illustrated in detail
with reference to specific Examples.

EXAMPLE 1

The apparatus as shown in FIGS. 1A and 1B, as well
as in FIGS. 2A and 2B, was used for the vapor growth
of an Si3N4film on forty pieces of Si wafers each having
a diameter of 50 mm. Because the inner diameter L of
the quartz reaction tube 1 was equal to 60 mm, the 30
width of the clearance W was, therefore, 5 mm. The Si
wafers were heated to a temperature of 850° C. The
internal pressure of the reaction tube 1 was reduced by
a vacuum pump (not shown in the FIGS). The reaction
gas of monosilane SiH4 with ammonia NH3; were caused 35
to flow from an inlet (not shown) to an outlet (not
shown) of the reaction tube 1 in the direction depicted
by the arrows 10 in FIG. 1. The average pressure inside
the tube was adjusted to an almost constant value dur-
ing the vapor growth while the reaction gas were flow- 40
ing. | -
The distance between two adjacent exposed surfaces
of the wafers was maintained constant with regard to all
the wafers involved. Since the distance was varied for
four different cases, that is 5, 10, 15 and 20 mm, the 45
ratios H/W, that is, 1, 2, 3 and 4, respectively, were
accordingly obtained. The average pressure P was re-
spectively varied at 4, 2, 1 and 0.5 Torr. The thickness
“distribution of one thin film was investigated in relation
to the variances of the ratio H/W and to the variances 50
of the pressure P. The results are illustrated in FIG. 7,
wherein the view of the thickness of the thin film 8 has
been enlarged with respect to that of the S1 wafer 5, for
a clear understanding of the thickness distribution of the
thin film 8. 55
As understood from FIG. 7, the optimum values of
the ratio H/W and the pressure P are: H/W =between
3 and 4 for P=4 Torr; H/W = approximately 2 for P=3
Torr; H/W=between 1 and 2 for P=1 Torr; and,
H/W=1 and 2 for P=0.5 Torr. 1t is concluded from 60
these optimum values that a definite relationship exists
between the ratio H/W and the pressure P.

EXAMPLE 2

The following reaction gases: 65

(1) SiHs+NH3; (2) SiH4+4+-NO; (3) SlH4+Oz, 4)
SiHg4; (5) AICl3+H)+NO; (6) Cr(CO)s+Ha, and; (7)
MoCls+H> were used to determine the rela_tionship

25

8
between the ratio H/W and the average pressure P, in
order to produce a thin film having a thickness distribu-
tion of within +10% of the maximum thickness of film.
The ratio H/W and the pressure P were varied below
6 and 6 Torr, respectively, and the respective pertinent
ranges of H/W and P for obtaining a thin film with a
desired distribution thereof were proved to be repre-
sented within the hatched area of FIG. 8.
As is clear from FIG. 8, the ratio H/W should be

varied in relation to the pressure P in accordance with
the linear expression:

H/W=aFP+b ' 1

when P exceeds 1.2 Torr. It is possible to determine
from the respective gradients of the linear lines &€ and
fd that the value of the constant “a” is 0.8 Torr—1. The
constant “b” is then determined to be 0.3 and 1.2, re-
spectively, with regard to the lines fd and ec, respec-
tively. The pressure P should not exceed 5 Torr from
the point of view of increasing the number of wafers
treated at one time, because the distance between two
adjacent exposed surfaces of the wafers will be consid-
erably increased. As a result of the experiments, the
following correspondence was found between the con-
stant “b”’ and the reaction gases. Accordingly, the larg-
est value 1.2 of the constant “b” should be selected for
the reaction gases (6) and (7) of this Example, and the
smallest value 0.3 of the constant “b’’ should be selected

for the reaction gas (4). The values of 0.5, 0.6 and 0.7 of

the constant “b” should be selected for the reaction gas
(1), (2) and (3), respectively.

When the pressure P is from 0.5 to 1.2 Torr, the
preferable ratio H/W is then expressed by the formula:

aP+03SH/W=2 2)

The preferable ratio H/W is 2 or a.P+0.3 in relation
to the reaction gases (6) and (7), or in relation to the
reaction gas (4), respectively. When the pressure P is
below 0.3 Torr, the growth rate of a thin film is too low.

What we claim is:

1. A process for the vapor growth of a thin film on
the exposed surface of each of a plurality of wafers, said
method comprising the steps of:

supporting said plurality of wafers at their peripheral

edges within, and essentially concentric with and
substantially perpendicular to the axis of, a reaction
tube, to provide a constant clearance W between
the inner wall of said reaction tube and said wafers
around substantially the entire portion of said pe-
ripheral edges, and said wafers being arranged to
have a constant distance H between adjacent pairs
of said exposed surfaces;

flowing a reaction gas through sald reaction tube via

said clearance W;

heating said wafers to a required uniform temperature

for depositing said film on said wafers; and
maintaining a pressure within said reaction tube at a
predetermined reduced average value P;

wherein said supporting step comprises arranging
said wafers so that the ratio of said H to said W is
determined by

H/W=a.P+b (1)

in the range 1.2=P=5.0 Torr, wherein “a” =0.8
Torr—! and “b” is a constant in the range from 0.3
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to 1.2 depending on the kind of said reaction gas,

and by

0.8P40.3=H/W=2 )
in the range 0.5=P=1.2 Torr.

2. A process according to claim 1, wherein said “b” is
approximately one hundredth of the the molecular mass
of said reaction gas.

3. A process according to claim 1, wherein said reac-
tion gas is SiH4, wherein said thin film is polycrystalline
silicon, and said constant “b” is in the range from 0.3 to
0.5.

4. A process according to claim 3 wherein said con-
stant “b” is 0.3.

5. A process accordmg to claim 1, wherein said reac-
tion gas comprises SiH4 and NH3, said thin film com-
prises Si3N4, and said constant “b” is chosen in the
range from 0.5 to 0.6.

6. A process according to clalm 5, wherein said con-
stant “b” 1s 0.5.

7. A process according to claim 1, wherein said reac-
tion gas comprises SiH4 and NO, said thin film is SiO»,
and said constant “b” is chosen between 0.5 to 0.6.

10

15

20

8. A process'according to claim 7, wherein said con- 5

stant “b” is 0.6.

9. A process according to claim 1, wherein said reac-
tion gas comprises SiH4 and O3, said thin film comprises
$i0,, and said constant “b” is chosen in the range from
0.7 to 0.8. | |

10. A process according to claim 9, wherein said
constant “b” is 0.7.

11. A process accordmg to claim 1, wherein said
reaction gas comprises ALCL3, H> and NO, said thin
film comprises AL203, and said constant “b” 1s chosen
in the range from 0.9 to 1.2.

12. A process according to claim 11, wherein said
constant “b” is 1.0. |

13. A process according to claim 1, wherein said
reaction gas comprises a metal halide and hydrogen gas,
said metal being selected from the group of metals con-
sisting of Mo and W, said thin film comprising said
metal, and said constant “b” is chosen in the range from
0.9 to 1.2.

14. A process according to claim 13, wherein said
constant “b” is 1.0.

15. A process according to claim 1, wherein the ratio
H/W in formula (2) is determined by:

H/W=c-P+d

where “c” is a constant that decreases from 0.8 to O, and
“d” is a constant that increases from 0.3 to 2.0, in linar
relation with increase in the molecular weight of said
reaction gas from 30 to 100.

16. A process for vapor growth of a thin film on the
exposed surface of each of a plurality of wafers in a
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reaction tube, said wafers having a shape not similar to
the cross-sectional shape of said reaction tube, said
method comprising the steps of:
providing plates having a shape similar to but smaller
than the cross-section of said wafers;
placing each of said wafers flat against a respective
one of said plates with each said plate being essen-
tially concentric with the respective wafer;
supporting a plurality of the combined pieces of said
wafers and plates at the peripheral edges of said
combined pieces and essentially concentric with
and substantially perpendicular to the axis of said
reaction tube, with a constant clearance W for
substantially the entire area between the inner wall
of said reaction tube and said peripheral edge of
each of said combined pieces, said combined pieces
being arranged to provide a constant distance H
between successive pairs of said exposed surfaces,
flowing said reaction gas through said reaction tube
via said clearance H;
heating said wafers to a uniform required temperature
for depositing said film on said wafers; and
maintaining a pressure within said reaction tube to a
predetermined reduced average value P,
wherein said
arranging said combined pieces so that the ratio of
said H to said W is determined by the formula

H/W= ﬂ'F‘l‘ br

in the range 1.2=P=5.0 Torr, wherein “a” =0.8
Torr—1and “b” is a constant in the range from 0.3
to 1.2 depending on the kind of said reaction gas
selected and by

0.8P+0.3=H/W=2

in the range 0.5=P=1.2 Torr.

17. The method of claim 16, said wafers having a
shape similar to said cross-section of said reaction tube,
except for a deficient part of said wafers, and said plates
providing only said deficient part to the combined
shape of said wafer and said plate.

18. The method of claim 16, one of said wafers being
mounted on each side of said respective plate.

19. The method of claim 2, wherein pairs of said
wafers are mounted together.

20. The method of claim 1, said reaction tube having
a circular shape.

21. The method of claim 16, said reaction tube having
a circular shape.

22. The method of claim 1, said reaction tube havmg
a polygon shape. .

23. The method of claim 16, said reaction tube having
a polygon shape.



U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

DATED .  December 18, 1979

INVENTOR(S) : Dpaiziro Kudo et al.

F
T T kT N :-ﬂ"ﬂj

It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Col. 2, line 66, "preferably" should be --preferable--;

col. 3, line 35, "the" (first occurrence) should be =--The--.

Signcd and Scaled this

Tenth Day Of June 1980
ISEAL)])

Attest:

SIDNEY A. DIAMOND
Attesting Officer

Commissioner of Patents and Trademarks




; NITED STATES PATENT AND TRADEMARK OFYICE

U
CERTIFICATE OF CORRECTION

\ PATENT NO. 4,179,326

DATED . December 18, 1979
INVENTOR(S) ©  paiziro Kudo et al.

it is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 9, line 3, (equation (2)), each of the two equality
signs "=" should be an inequality sign of the type

— e & v

Column 10, line 36, (equation (2)), each of the two eguality
signs "=" should be an inequality sign of the type

I U

Signcd and Scaled this

Fourteenth D 7| y Of July 1981

[SEAL]
Attest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

